Abstract--Oscillator strengths of 174 Mo(I) and 58 Mo(II) lines in the range 247~5570 A were obtained from wall-stabilised arc and hollow cathode measurements. Sets of relative f-values were determined by a combination of hook and emission measurements requiring no assumptions concerning the plasma state. The sets have been enlarged considerably by evaluating spectra recorded with a Fourier spectrometer. The relative Mo(I)f-values were converted to an absolute scale by means of radiative lifetimes measured by P. Zimmermann and his group. The overall uncertainties are within 10-35~i. Since lifetimes of Mo(II) levels are not yet available, only relative Mo(II) f-values are presented.
INTRODUCTION
In astrophysics and for fusion research, reliable oscillator strengths are needed, especially for the heavy elements. A method frequently used to obtain large sets off-values for lines of different excitation potentials is that based upon emission spectroscopy on suitable plasma light sources such as cascaded arcs.1 A more promising method, which reduces the number of assumptions required, is the combination of hook and emission measurements. 2 6 Thus, large sets of relative f-values can be determined without any assumptions concerning the plasma state. The absolute calibration of the relative data is preferably done by means of radiative lifetimes.
The objective of the present investigation was the determination of reliable oscillator strengths of neutral and singly ionised molybdenum.
EXPERIMENTAL PROCEDURE
The hook measurements were performed with a three chamber cascaded arc, which consisted of a stack of brass plates, each 10 mm thick with a central bore of 16 mm. The plates were electrically insulated from one another by 1 mm thick Pertinax sheets. The plates were cooled axially by forced water cooling. The arc length was 120 mm between a ring anode and two tapered cathodes, all made of tungsten. The arc was operated in argon at atmospheric pressure and at a current of 40 A supplied by a d.c. generator (460 V/120 A).
For the excitation of molybdenum in the arc, we used an admixture of molybdenum pentachloride (MoCI~: b.p. 268°C). The vapor was generated in a small ceramic oven attached to the arc chamber.
The set-up for our hook experiment was similar to that described in an earlier paper. 3 It consisted of the cascaded arc, a high-power capillary discharge as a continuum light source, a Michelson interferometer with quartz optics, and a stigmatic spectrograph. The spectrograph was a 3.4 m Ebert configuration with a plane grating of 1200 lines mm-1 producing a reciprocal linear dispersion of 2.4 A mm -1 in the first order. The spectra were photographed on Ilford FP 4 film. They were evaluated by means of a computer. Only hooks with a separation of at least 300 mA were evaluated. 7 The emission measurements were performed with hollow cathodes. We have used commercially available hollow cathodes (Perkin-Elmer, No. 029287) which we have operated at a current of 30 mA. A problem in using this type of hollow cathode is the examination of the optical depth of the plasma layer from which the lines under investigation are emitted. Therefore, we have again used our high current hollow cathode. 6 tPresent address: Stanford University, Department of Physics, Stanford, CA 94305, U.S.A.
The cathode has a length of 100ram and a central bore of 8.5ram. The discharge was operated either in argon or in neon at a current of 2 A.
The spectra were recorded photoelectrically by using a photon counting system and a l-m McPherson rnonochromator with a plane grating of 2400 lines mm ~ having a resolution of about 55 m~,. The line intensities were calibrated with a carbon arc as a radiation standard, g-" For the u.v. region below 3300 A, we used a low-current argon arc designed and calibrated by PTW ° in Berlin.
The present program was complemented by measurements with the I-m Fourier transform spectrometer at the Kitt Peak National Observatory,, Tucson, Arizona. Experi--mental details such as the calibration of the spectra are described elsewhere. ' For molybdenum, we obtained one spectrum in the range 3000 5100/k.
All emission lines were tested and shown to be free of self-absorption. For thc Perkin Elmer hollow cathode, we measured relative intensities of lines with the same upper level but of different strengths at various discharge currents. The constancy of the intensit\ ratio then was a check that the lines were emitted from an optically thin layer Since the lines emitted from our hollow cathode are Doppler-broadened, we have measured the widths of the lines by means of a highly resolving Fabry Perot interferometer and estimated the maximum optical thickness by the following relationship:
where J is the integrated line intensity, B the Kirchhofl-Planck function and A,% the FWHM of the line under investigation. Since only, lines with ~ ...... < 0.1 have been evaluated, no corrections were necessary, for an optically,' thin hiyer.
RESI;LTS AND I)ISCi;SSION
For the 174Mo(I) lines investigated, we have obtained three independent sets of relative,/'-values from a combination of hook measurements for lines of common h)wcr levels, with emission measurements for lines originating from common upper levels. In the same manner, we obtained one set of relative J'-values for the 58 Mo(ll) lines.
For an absolute calibration of the Mo(1) sets, we used lifetimes which have been measured by P. Zimmermann ~2 and his group (see Table 1 ). The lifetime of the :~P4 {~ level has been published by these authors ~ together with additional Mo(l) lifetimes belonging to the septet system. We have calculated absolutej-values from the first three lifetimes of Table 1 and our measured branching ratios. The final data comprising 174 Mo(]) lines are listed in Table 2 .
The accuracy of the f-values was estimated to be within 1(>35",, because of errors in the emission and hook measurements (the standard deviation of the mean was evaluated from up to seven independent measurements) and the uncertainty of the lifetime.
The completeness of the branching ratios has been checked by means of the Fourier spectrum. For the level )'~F~ °, only the lines at 6812 and 6787 A could not be measured. We have taken into account this contribution (1"0) by using the calculated .#-values given by Kurucz and Peytreman. ~4 
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With the highly resolved Fourier spectrum, we were also able to correct wavelengths of molybdenum lines (indicated by a prime in Tables 2 and 3 ). The corrections are of the order + 5 mA in relation to the wavelengths calculated from the energy values given by Moore. '~ We have checked our laboratory spectra for blends and misidentifications. Distorted lines have been rejected. Finally, we measured relative f-values from this spectrum. These transitions are marked by an asterisk in Tables 2 and 3 . ; We used the fourth lifetime of Table 1 for an independent second absolute calibration of one of the three sets of relative )"-values and compared that result with the first one. The consistency between both results is within 10%o.
A comparison of our Mo(I)f-values with published data is shown in Fig. 1 . Absolute data were published by Corliss and Bozman. 16 Their data were obtained from simplified emission measurements on free-burning arcs operated in air.
